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Faraday Cup Designs for High Efficiency Determination
of Energy- and Angular-Resolved Charged Particle Fluxes
Kent Hartley

Abstract

Faraday cups provide a simple
and efficient apparatus to
measure
the
absolute
magnitude of charge particle fluxes, and with the
addition of a retarding field analyzer and defining
apertures the capability to determine the energy and
angular distributions of the fluxes. Through careful
design of the electron optics, a Faraday cup can be
tailored to meet specific requirements for detector size,
minimum detectable flux, collection efficiency, absolute
accuracy, energy discrimination, and angular resolution.
This work explores design concepts through electric field
and charged particle trajectory simulations, theoretical
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Fig. 3 - Total, SE and BSE yields
as a function of incident
electron
energy
for
microcrystalline graphite.

analysis, and evaluation of experimental prototypes to
develop compact, high efficiency Faraday cups capable
of a range of energy and angular resolutions. The
designs rely on high efficiency Faraday cups coupled
with grid-free Einzel lens energy analyzers for nearly
energy-independent determination of absolute fluxes.
We also review specific designs and applications of these
Faraday cup detectors to electron emission and
transport studies, spacecraft charging applications, and
electron beam characterization measurements done in
conjunction with various projects conducted by the
Materials Physics Group.
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Fig. 4 - Total, SE and BSE yields
as a function of incident
electron energy for Cu.

The backscattered (BSE) and secondary (SE) electron yields of
a material when bombarded with an electron beam are a key
design parameter. BSE and SE can compromise the accuracy
and efficiency of the apparatus. Thus, we would like to choose
a material that minimizes BSE and SE yield. Figures 3 and 4,
clearly show that coating construction materials like Cu, Al or
stainless standard steel with microcrystalline graphite would
lower the total yield. Two theoretical models of the angular
distributions of BSE are shown in Fig. 5.
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The progression of the Faraday cup design, beginning
with a simple circular plate is shown in Fig. 1. Each
design is subject to the same two incident beams. BSE
collection is the motivation for increasing the cup
aspect ratio from Design 2 to 3. Though not depicted
in Fig. 1, BSE can significantly affect the efficiency of
the Faraday cup. To capture a beam profile using a
Faraday cup, it is necessary to translate the Faraday
cup through the electron beam cross-sectional profile.
Fig. 6 shows data collected from a similar Faraday cup
used in a space environment test chamber at Utah
State University.
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Fig. 1 - Cross-sectional views of design progression with two consistent
incident electron beams to determine energy resolution. The red beam
energy is 99.9 eV and the blue is 100.1 eV, with 0.1% resolution. Each
design is set to detect only electrons with energies greater than or
equal to 100 eV. The green contour curves represent the electric field
potentials.

Study conducted with funding from the James Webb
Space Telescope Electrical Working Group at NASA
Goddard Space Flight Center.

Fig. 2 – Isometric view of optimized design cross-section
and incident beams.

Fig. 6 – The width of the incident electron beam and
features of the Faraday cup are evident as the Faraday cup
is translated through the electron beam.
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